CD99 is a 32-kD type I transmembrane glycoprotein encoded by the *CD99* gene and its expression has been reported in many cell types, such as hematopoietic cells, endothelial cells, central nervous system ependymal cells, thymocytes, granular cells of the ovary, Sertoli cells, and pancreatic islet cells \[[@b1-jptm-2016-06-19]-[@b3-jptm-2016-06-19]\]. CD99 expression is seen in all leukocyte lineages but is differentially expressed with maturation and is particularly strong in immature thymic T-lineage cells \[[@b2-jptm-2016-06-19]\]. Other studies also demonstrated high CD99 expression in tonsillar lymphoid progenitor cells \[[@b4-jptm-2016-06-19]\] and in the subventricular zone of fetal brain (C.-S. Park, unpublished data), suggesting that CD99 may play important roles in these precursor cells. The functions of CD99 in cells in which CD99 was highly expressed have been studied and they were as follows: cell death of thymocytes and T lymphocytes \[[@b5-jptm-2016-06-19],[@b6-jptm-2016-06-19]\], migration through monocyte endothelial junctions by adhesion and diapedesis \[[@b7-jptm-2016-06-19]\], cell-cell adhesion in lymphocytes \[[@b5-jptm-2016-06-19],[@b8-jptm-2016-06-19]\], maintenance of cellular morphology in Hodgkin and Reed/Sternberg cells \[[@b9-jptm-2016-06-19]\], and recruitment of T cells to inflamed mouse skin \[[@b10-jptm-2016-06-19]\]. Pathologically, CD99 is strongly expressed in various tumors including Ewing sarcoma/peripheral neuroectodermal tumors, T-lymphoblastic lymphoma, and others \[[@b11-jptm-2016-06-19]\]. CD99 is a crucial marker for the diagnosis of these tumors.

Skin is the largest human organ and is structurally composed of epidermis, dermis, and appendages including hair follicles, sebaceous glands, and sweat glands (eccrine and apocrine). Microscopically, cells which composing the skin showed various stages of differentiation. The epidermis contains multiple layers of stratified keratinocytes, and basally located cells are morphologically undifferentiated. Hair follicles are cylindrical invaginations of surface epithelium, and are composed of the innermost hair shaft, the inner root sheath (IRS), and the outer root sheath (ORS). The bulge, the insertion site of the arrector pilli muscle, is the prominent epithelial protuberance of the ORS and it contains basaloid cells \[[@b12-jptm-2016-06-19]\]. Sebaceous glands have central acini, masses of rounded cells that are packed with lipid-filled vacuoles and peripheral undifferentiated basal cells. Eccrine sweat glands consist of a secretory portion lined with stratified cuboidal cells and an excretory portion lined with two layers of smaller cuboidal cells. Apocrine glands are large glands and secretory cells usually show cuboidal morphology with eosinophilic cytoplasm \[[@b13-jptm-2016-06-19]\].

CD99 expression levels differ in specific subpopulations according to cellular maturation. We identified strong CD99 expression in the basally located precursor cells of normal epidermis. We inferred that CD99 shows differential expression between the epidermis and appendageal subpopulations with maturation. No systemic evaluation of CD99 expression in normal skin or the appendages has yet been published. The aim of the present study was to evaluate CD99 expression patterns in normal adult epidermis and appendages by immunohistochemistry (IHC) and to ascertain CD99 expression in normal fetal skin during different gestational ages. We also investigated whether morphologically immature subpopulations that express CD99 correlate with skin precursor cells based on previously established marker.

MATERIALS AND METHODS
=====================

Skin samples
------------

In this study, we retrospectively selected 75 cases of formalin-fixed, paraffin-embedded hair-bearing adult skin samples between 2002 and 2009 at Asan Medical Center. Samples were taken from the margins of routine surgical procedures such as excisional biopsy or excision for benign/malignant skin lesions that were diagnosed as following: various inflammatory lesions with parakeratosis (n=16), keratinocytic tumors (n=11), benign tumors with apocrine and eccrine differentiation (n=14), malignant tumors with follicular differentiation (n=1), benign tumors with follicular differentiation (n=17), and tumors with sebaceous differentiation (n=12). The rest were retrieved from mature cystic teratoma (n=2) and normal scalp tissues biopsied for therapeutic reasons (n=2). To analyze CD99 expression patterns in fetal skin, eight fetal skin samples were collected from the archives of Asan Medical Center. Gestational ages of the collected cases were 16, 17, 19 (2 cases), 20, 25, 26, and 28 weeks. All tissues were immediately fixed in 10% buffered formalin, and then processed in paraffin wax using standard procedures. Sections were serially cut into 4-μm sections and stained with hematoxylin and eosin for examination. The study protocol was approved by the Institutional Review Board (project number 2009-440) of Asan Medical Center.

Immunohistochemical staining
----------------------------

All hematoxylin and eosin--stained slides were reviewed to ensure quality. When multiple blocks were available in a single case, one block containing representative tissue was selected. IHC staining for CD99 was performed using a BenchMark XT autoimmunostianer (Ventana Medical Systems, Tucson, AZ, USA) according to the manufacturer's instructions and using the reagents supplied with the kit. In brief, 4-μm sections were mounted on silanized charged slides, dried for 10 minutes at room temperature and then further dried for 20 minutes at 65°C. After deparaffinization, heat-induced epitope retrieval using standard Cell Conditioning Solution 1 was performed for 24 minutes. Subsequently, primary anti-CD99 (1:100, clone DN16, DiNonA, Seoul, Korea) was applied by an automated immunostaining system with the UltraView DAB Detection Kit (Ventana Medical Systems). Immunostained sections were counterstained with hematoxylin. Analysis of whole tissue section slides stained for CD99 by IHC was performed under a light microscope as previously described \[[@b14-jptm-2016-06-19]-[@b16-jptm-2016-06-19]\]. Lymphocytes and endothelial cells were used as internal positive controls. The results of CD99 immunostaining were classified into the following groups: consistently complete and strong membrane staining was assigned a value ++, weak to moderate membrane staining was assigned a value of +, variable membrane staining was assigned a value of +/--, and no staining was assigned a value of --. Occasional cytoplasmic staining was minimal and weak.

Immunofluorescence assay
------------------------

For immunofluorescence (IF) staining, 4-μm sections were incubated with mouse anti-CD99 (1:200, clone DN16, DiNonA) and rabbit anti-CD34 (1:10, \#ab64480, rabbit polyclonal, Abcam, Cambridge, UK) for 60 minutes at room temperature. Sections were then incubated with tetramethylrhodamine-conjugated host anti-mouse IgG antibody and fluorescein isothiocyanate-conjugated host anti-rabbit IgG antibody for 60 minutes at room temperature. Nuclei were stained with DAPI. Sections incubated with the appropriate isotype control primary antibodies and fluorescently labeled secondary antibodies were utilized as necessary. Results were analyzed using confocal microscopy (Leica TCS_NP/SP, Leica Microsystems, Mannheim, Germany).

RESULTS
=======

Basal cells showed strong CD99 expression in normal adult epidermis
-------------------------------------------------------------------

To examine the expression pattern of CD99 in epidermal keratinocytes, immunostaining for CD99 was performed on nonpathologic adult skin samples ([Fig. 1A](#f1-jptm-2016-06-19){ref-type="fig"}). In the epidermis, cell membranes in the basal cell layer were strongly stained ([Fig. 1B](#f1-jptm-2016-06-19){ref-type="fig"}), whereas the keratinocytes in the prickle cell layer just above the basal cell layer showed markedly reduced staining and cells in the granular and hornified layers did not express CD99. We also identified intense CD99 expression in Langerhans' cells in the epidermal layer ([Fig. 1B](#f1-jptm-2016-06-19){ref-type="fig"}).

Basaloid cells of bulge and ORS showed strong CD99 expression in normal adult hair follicle
-------------------------------------------------------------------------------------------

Infundibula of hair follicles possessed a CD99 expression pattern similar to that of the epidermis. CD99 staining was strong in the basaloid cells ([Fig. 1C](#f1-jptm-2016-06-19){ref-type="fig"}) at the bulges, and basal cells of the follicular ORS were also strongly stained ([Fig. 1D](#f1-jptm-2016-06-19){ref-type="fig"}). Other subpopulations of hair follicles showed varying immunoreactivity. When observing CD99 staining in the central shaft of hair follicles, the cuticle was negative for CD99, the lower IRS was weakly positive, and the ORS was strongly positive ([Fig. 1D](#f1-jptm-2016-06-19){ref-type="fig"}).

CD99 was differentially expressed in subpopulations of normal adult sweat glands and sebaceous glands
-----------------------------------------------------------------------------------------------------

Secretory apocrine glands showed variable CD99 expression. Relatively thin to flat cell-lined apocrine glands were negative for CD99, but relatively tall cell-lined apocrine glands were positive for CD99. The apical luminal surfaces of both flat and tall cell-lined glands were CD99-negative ([Fig. 2A](#f2-jptm-2016-06-19){ref-type="fig"}). Secretory coils of eccrine sweat glands are composed of outer clear cells and inner cuboidal cells; the outer clear cells were immunonegative and scattered inner cuboidal cells were immunopositive for CD99 ([Fig. 2B](#f2-jptm-2016-06-19){ref-type="fig"}). The excretory duct is composed of two-layered cuboidal cells, and both layers were immunopositive for CD99 ([Fig. 2C](#f2-jptm-2016-06-19){ref-type="fig"}). The apical luminal surfaces of inner eccrine cells and inner excretory ducts also lacked CD99 expression ([Fig. 2B](#f2-jptm-2016-06-19){ref-type="fig"}, [C](#f2-jptm-2016-06-19){ref-type="fig"}). In the sebaceous glands, basal cells surrounding the sebaceous alveolus were CD99 immunopositive, but mature sebocytes containing central lipid droplets were immunonegative for CD99 ([Fig. 2D](#f2-jptm-2016-06-19){ref-type="fig"}). Cells that were positive for CD99 immunostaining in normal adult epidermis and skin appendages are summarized in [Table 1](#t1-jptm-2016-06-19){ref-type="table"}.

CD99-positive epidermal basal cells appeared in fetal skin early in the second trimester
----------------------------------------------------------------------------------------

Eight developing fetal human skin samples were obtained from aborted fetuses of 16--28 gestational weeks. In early stages, fetal skin is called periderm and is composed of 2--3 epidermal cell layers \[[@b17-jptm-2016-06-19]\]. At 16 weeks of gestation, the periderm, including the epidermal basal layer and hair follicle germ, was negative for CD99, whereas mesenchymal cells around the hair germ were strongly positive for CD99 ([Fig. 3A](#f3-jptm-2016-06-19){ref-type="fig"}). At 19 weeks of gestation, the fetal epidermis and skin appendages start to resemble normal adult skin; basal cell layer, intermediate cell layer, hair follicles, sweat glands, and sebaceous glands appear at this stage. CD99 was expressed in the epidermal basal cell layer, hair bulge, ORS, and dermal papilla ([Fig. 3B](#f3-jptm-2016-06-19){ref-type="fig"}). At 20 and 25 weeks of gestation, fetal skin is histologically similar to adult skin, showing CD99 immunoreactivity patterns identical to those of adult skins ([Fig. 3C](#f3-jptm-2016-06-19){ref-type="fig"}, [D](#f3-jptm-2016-06-19){ref-type="fig"}).

CD99 and CD34 were co-expressed in lower ORS cells, but they did not co-localize
--------------------------------------------------------------------------------

In our study, CD99 staining was particularly strongly positive in immature epidermal basal cells and cells at the bulge. We therefore compared CD99-positive subpopulations of normal epidermis and skin appendages to CD34-positive subpopulations that have been reported as cutaneous precursor cells using double-IF. We focused on expression patterns of these markers in the basal cells of epidermis and hair follicles. In the adult epidermis and skin appendages, CD99 and CD34 expression partially overlapped at the lower ORS ([Fig. 4A](#f4-jptm-2016-06-19){ref-type="fig"}, [D](#f4-jptm-2016-06-19){ref-type="fig"}). Epidermal basal cells and basaloid cells of the bulge were CD34-negative ([Fig. 4A](#f4-jptm-2016-06-19){ref-type="fig"}--[C](#f4-jptm-2016-06-19){ref-type="fig"}). In the 20-week-old fetal skin, CD99 and CD34 were not co-expressed in the basal cells of epidermis ([Fig. 5B](#f5-jptm-2016-06-19){ref-type="fig"}), bulge ([Fig. 5C](#f5-jptm-2016-06-19){ref-type="fig"}), or ORS; however, mesencymal cells of dermal papilla showed co-expression ([Fig. 5A](#f5-jptm-2016-06-19){ref-type="fig"}).

DISCUSSION
==========

The aim of the current study was to examine CD99 expression in normal human skin and skin appendages; no such study has been performed to date. Differential expression of CD99 was observed in the epidermis and appendages. We demonstrated that CD99 was strongly expressed in the immature epidermal basal cells, but the fully differentiated granular layer did not show CD99 positivity in normal adult skin. This result is consistent with the findings of a previous study \[[@b18-jptm-2016-06-19]\], in which CD99 expression was evaluated in a large series of cutaneous melanoma samples and was described briefly as a crisp membranous staining on normal epidermal basal cells. Our study showed that in skin appendages, CD99 showed differential immunoreactivity in each subpopulation. Bulge cells, basal cells of the ORS, and eccrine inner cuboidal cells were consistently and strongly positive. However, CD99 expression was variably positive in apocrine secretory glands. Relatively tall cells with luminal decapitation tended to be CD99-positive, but thin to flat cells without decapitation tended to be negative. These findings suggest that CD99 expression can differ according to cellular functional status.

Analysis of CD99 expression was also performed during different developmental stages of fetal skin. In fetal skin, peridermal cells persist until about week 21 and gradually disappear as stratum corneum. In the early stages of epidermal development, mitotic activity occurs in all the epidermal layers; however, when differentiation begins, mitotic activity becomes restricted to the cells of the basal layer \[[@b17-jptm-2016-06-19]\]. Angiotensin converting enzyme (ACE), keratin 19, β1-integrin, and p63 were used as stem cell markers in examining the various developmental stages of fetal skin by double IF \[[@b19-jptm-2016-06-19]\]. The expression of ACE, β1-integrin, keratin 19, and p63 was seen in all epidermal layers of the developing fetal skin at 11--20 weeks of gestation. From 21 weeks of gestation onward, their expression was mainly confined to the basal layer of epidermal cells. In our study, CD99 was not seen in the periderm at 16 weeks of gestation but was consistently expressed at 19 weeks of gestation. Based on this result, we suggest that CD99 expression precedes the expression of ACE, β1-integrin, keratin 19, and p63 in the fetal basal layer.

Based on the particularly strong CD99 expression in immature thymic T-lineage cells \[[@b2-jptm-2016-06-19]\], tonsillar lymphoid progenitor cells \[[@b4-jptm-2016-06-19]\], and subventricular zone of fetal brain (C.-S. Park, unpublished data), we attempted to correlate CD99 expression with immature subpopulations of epidermis and appendages. CD99 was strongly expressed in immature basal keratinocytes. In hair follicles, the bulge is a prominent epithelial protuberance of the ORS. There is evidence for populations of stem cells located at the basal layer of the epidermis and the hair follicle bulge. CD99 is also strongly expressed in the bulge.

According to previous reports that analyzed expression patterns of various precursor markers, CD34 is more specific for the peripheral layer of the ORS, cytokeratin (CK) 15 for bulge and epidermal basal cells, nestin for inner portions of the ORS, CK19 for basal keratinocytes in the upper and lower third of the ORS, p63 for the basal/suprabasal layer, hair matrix, and ORS, and CD200 for the bulge \[[@b20-jptm-2016-06-19]-[@b24-jptm-2016-06-19]\]. We found CD99 was more broadly expressed in the epidermis and appendages. We showed that CD34, which was thought to have similar expressions patterns to CD99, shows different expression by double IF. In the present study, CD34 and CD99 were only co-expressed in the lower ORS. Therefore, we assumed that precursor cell subpopulations in the skin are more varied than previously thought.

In conclusion, this study examined CD99 expression in normal adult and fetal skin. CD99 is strongly expressed in the immature epidermal basal cells in the bulge and basal cells of the hair follicle ORS. These findings suggest that CD99 may carry out a specific function in the structures where it is expressed. Interestingly, CD99-expressing cell subpopulations partially overlapped with sites harboring epidermal precursor cells. Therefore, we present that CD99 is a unique and previously unreported marker of epidermis and its appendages. Future studies should focus on functions of CD99 in the epidermis and its appendages and investigate its feasibility as a novel target for the treatment of dermatologic lesions.
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![CD99 expression in normal adult epidermis and hair follicles. (A) Overall CD99 expression pattern in normal adult skin. (B) Basal cells of the epidermis show strong immunopositivity for CD99. Epidermal Langerhans cells are also strongly immunopositive for CD99 (arrow). (C) Basaloid cells in the bulge, the insertion of the arrector pili muscle, show high CD99 expression. (D) In a terminal anagen hair follicle, the outer root sheath cells are strongly positive for CD99 stain. The inner root sheath cells are weakly positive for CD99 stain. O, outer root sheath; I, inner root sheath.](jptm-2016-06-19f1){#f1-jptm-2016-06-19}

![CD99 expression in the normal adult sweat glands and sebaceous glands. (A) In apocrine glands, flattened lining cells are immunonegative for CD99 (left). Meanwhile, tall cells in apocrine glands express CD99 (right). (B) Inner small cells of eccrine glands express CD99 in opposition to outer large cells (arrow). Apicoluminal surface of the eccrine glands are immunonegative for CD99. (C) Two layers of excretory ductal cells are immunopositive for CD99. (D) In sebaceous glands, outer basal cells express CD99. However, mature sebocytes do not express CD99.](jptm-2016-06-19f2){#f2-jptm-2016-06-19}

![CD99 expression pattern during normal development of the hair follicles. (A) At 16 weeks of gestation, only mesenchymal cells around the hair germ express CD99 (arrow). (B) CD99 positive epidermal basal cells appear at 19 weeks of gestation. Basaloid cells in the bulge and basal cells of the outer root sheath and lower inner root sheath also express CD99. (C, D) CD99 expression pattern is identical to that of adult skins at 20 and 25 weeks of gestation.](jptm-2016-06-19f3){#f3-jptm-2016-06-19}

![CD99 and CD34 expression pattern by double-immunofluorescence staining in normal adult epidermis and hair follicles. (A) Overall expression pattern of CD99 (red) and CD34 (green). Epidermal basal cells (arrowhead) (B) and basaloid cells (C) in the bulge only express CD99 but not CD34. (D) Some cells in the lower outer root sheath show co-expression of CD99 and CD34 (arrow) (horizontal section).](jptm-2016-06-19f4){#f4-jptm-2016-06-19}

![CD99 and CD34 expression pattern by double-immunofluorescence staining in the fetal epidermis and hair follicles at 20 weeks of gestation. (A) Overall expression pattern of CD99 (red) and CD34 (green). Dermal papilla expresses both CD99 (red) and CD34 (green) (arrow). (B, C) Epidermal basal cells and basaloid cells in the bulge (arrowhead) express only CD99.](jptm-2016-06-19f5){#f5-jptm-2016-06-19}

###### 

Summary of CD99 expression in normal adult epidermis and skin appendages

                                                              Immunoreactivity
  --------------------------- ------------------------------- -------------------------------------------------------
  Epidermis                   Basal cells                     ++
                              Prickle cells                   \+
                              Granular cells                  --
                              Horny cells (cornified cells)   --
  Hair follicle               Bulge                           ++
                              Cortex                          --
                              Cuticle                         --
                              Inner root sheath--lower        \+
                              Outer root sheath               ++
                              Glassy membrane                 --
  Sweat glands                                                
  Eccrine secretory coil      Inner dark cells                ++^[a](#tfn1-jptm-2016-06-19){ref-type="table-fn"}^
                              Outer clear cells               --
  Apocrine secretory acinus   Secretory cells                 +/--^[a](#tfn1-jptm-2016-06-19){ref-type="table-fn"}^
  Excretory duct              Inner layer cells               \+^[a](#tfn1-jptm-2016-06-19){ref-type="table-fn"}^
                              Outer layer cells               ++
  Sebaceous glands            Mature sebocytes                --
                              Basal cells                     ++

++, consistently strong and complete membranous staining; +, consistently weak to moderate staining; +/--, variable staining; --, negative.

Apico-luminal surfaces are negative for CD99.
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